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Description 

Field of the Invention 

[0001] The present invention relates to implantable 5 
medical devices, and more particularly to very small im- 
plantable sensors and/or stimulators that may be seri- 
ally connected in a daisy-chain using just two conduc- 
tors. Important aspects of the invention relate to a very- 
low power rectifier circuit, line interface circuit, and cur- 
rent-to-frequency converter circuit that form part of each 
daisy-chainable implantable sensor/stimulator, which 
circuits facilitate the powering and operation of the im- 
plantable sensor/stimulator using just two conductors 
which are shared with all other sensors/stimulators in 
the daisy chain. 

Background of the Invention 

[0002] In the implantable medical device field, a med- 
ical device, configured to perform a desired medical 
function, is implanted in the living tissue of a patient so 
that a desired function may be carried out as needed for 
the benefit of the patient. Numerous examples of im- 
plantable medical devices are known in the art, ranging 
from implantable pacemakers, cochlear stimulators, 
muscle stimulators, glucose sensors, and the like. 
[0003] Many implantable medical devices are config- 
ured to perform only the stimulation function, i.e., to 
stimulate on command a prescribed muscle tissue in or- 
der cause the muscle to contract. An example of a tiny 
implantable stimulator is shown, e.g., in U.S. Patent 
Nos. 5,324,316 or 5,358,51 4. 

[0004] Other implantable medical devices are config- 
ured to perform only the sensing function, i.e., to sense 
a particular parameter, e.g., the amount of a specified 
substance in the blood or tissue of the patient, and to 
generate an electrical signal indicative of the quantity or 
concentration level of the substance sensed. Such elec- 
trical signal is then coupled to a suitable controller, which 
may or may not be implantable, and the controller re- 
sponds to the sensed information in a way to enable the 
medical device to perform its intended function, e.g., to 
display and/or record the measurement of the sensed 
substance. An example of an implantable medical de- 
vice that performs the sensing function is shown, e.g., 
in U.S. Patent No. 4,671 ,288. 

[0005] Still other implantable medical devices are 
configured to perform both the sensing and stimulating 
function. In such instances, the medical device typically 
includes separate sensing, stimulating and control cir- 
cuits. The sensing circuit senses the presence or ab- 
sence of a particular parameter or substance. The con- 
trol circuit analyzes the information sensed by the sen- 
sor and determines whether a stimulation current pulse 
is needed, if a stimulation current pulse is needed, the 
control circuit directs the stimulating circuit to provide a 
specified stimulation current pulse. A pacemaker is a 



classic example of an implantable medical device that 
performs both the sensing function (sensing whetherthe 
heart needs to be stimulated and at what rate) and the 
stimulating function (stimulating the heart as needed to 
maintain a desired heart rhythm). 
[0006] As medical devices have become more so- 
phisticated, there is a continual need to use more than 
one sensor. For example, in some instances, more than 
one sensor is needed to measure more than one sub- 
stance or physiological parameter. In other instances, 
more than one sensor may be needed to measure or 
sense the same substance or physiological parameter 
at different locations within the patient's body. Similarly, 
depending upon the medical application involved, there 
may be a need to stimulate muscle tissue at more than 
one location in the body. One way of providing stimula- 
tion at multiple locations is to implant separate stimula- 
tors at each desired location and then to coordinate the 
operation of the stimulators so as to provide a desired 
result. See, e.g., U.S. Patent No. 5,571,148. 
[0007] Whenever multiple sensors and/or multiple 
stimulators are implanted and are intended to be used 
in concert to achieve a desired medical function, there 
is a need to connect or couple such separate multiple 
sensors/stimulators to a single control circuit or common 
control point. Sometimes the control function is per- 
formed external to the patient, in which case the sen- 
sors/stimulators are connected to an implanted teleme- 
try circuit or equivalent; or, alternatively, a telemetry cir- 
cuit is included as part of each sensor that allows data 
and commands to be sent, transferred, or otherwise 
coupled across the tissue/skin of the patient between 
an external control device and the implanted sensor/ 
stimulator. At other times, the control function is per- 
formed by an implantable control circuit, usually con- 
nected directly to the implanted sensors/stimulators. 
When an implanted control circuit is used, it usually in- 
cludes a telemetry circuit, or equivalent circuit, that al- 
lows the implanted control circuit to communicate with 
an external programmer, thereby allowing the implanted 
control circuit to be programmed, or otherwise modified 
and/or monitored, by the external programmer. 
[0008] When multiple sensors/stimulators are used, 
several problems must be addressed. For example, un- 
less each of the multiple sensors/stimulators are con- 
nected to a common controller and/or telemetry circuit, 
each sensor/stimulator must employ its own telemetry 
circuit, or equivalent circuit, that allows it to be monitored 
and/or controlled. Such individual telemetry or commu- 
nication circuits may add undue complexity to the im- 
planted sensors/stimulators, increasing the size, weight 
and/or power consumption of the sensors. What is 
needed are relatively simple sensors and stimulators 
that may be implanted at multiple locations within the 
patient, yet operate independent of each other in an ef- 
ficient and effective manner. 

[0009] When multiple sensors/stimulators are directly 
monitored and/or controlled by a control circuit, there 
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must be a direct connection, i.e. , at least a separate con- 
ductor and a return path, for each sensor/stimulator. If 
the number of sensors/stimulators is large, the number 
of separate conductors that are required to control and/ 
or monitor such sensors/stimulators can become un- 5 
wieldy. The number of conductors can become espe- 
cially large and difficult to manage when each sensor 
requires more than two conductors, e.g., as when each 
sensor performs multiple functions, requiring a separate 
output conductor for each function, in addition to con- 
ductors to carry power to the sensor. Moreover, the out- 
put signal from many sensors, i.e., the signal that pro- 
vides a measure of the parameter or substance being 
monitored or sensed, is typically a very low level analog 
signal that cannot be transmitted over very long distanc- 
es without amplification or buffering. That is, such low 
level signals are easily corrupted with noise, particularly 
when the conductors are placed in a very hostile envi- 
ronment (e.g. , within living tissue, which is equivalent to 
being immersed in salt water). Low level signals in a 
hostile environment result in a signal-to-noise (S/N) ra- 
tio that is unacceptably low. A unacceptably low S/N ra- 
tio, in turn, dictates that signal amplification and/or spe- 
cial buffering circuits be employed. Such signal amplifi- 
cation and/or buffering, however, disadvantageously re- 
quire additional circuitry, thereby increasing the com- 
plexity, size and weight of the device, and further require 
additional operating power. What is clearly needed, 
therefore, are sensors/stimulators that can be readily 
operated in a multiple sensor/stimulator configuration, 
yet require a minimum number of conductors to connect 
the sensors/stimulators to a control circuit, and wherein 
a high S/N ratio can be maintained for data and com- 
mand signals that are transmitted to and from the sen- 
sors/stimulators. 

[0010] US-A-5,01 6,631 discloses an implantable 
medical device. This device comprises an interface be- 
tween a main implant and one or more implanted sensor 
modules. The interface only requires two leads per sen- 
sor module. An electronic switching means is used to 
convert the two leads from a powering phase where volt- 
age and power are supplied to the sensor module to a 
reading phase where the same leads are used as a com- 
munication link between the sensor module and the 
main implant. However, all sensor modules are connect- 
ed in parallel, i.e. each sensor module connects directly 
to the main module. 

Summary of the Invention 

[0011] The present invention addresses the above 
and other needs by providing an implantable medical 
device, e.g., a sensor/stimulator, that can be connected 
to a controller, typically an implantable controller (or an 
Implantable transceiver that is in communication with an 
external controller), using just two conductors that carry 
both operating power and data (data commands and/or 
measured data) between the device and control circuit. 



Moreover, a plurality of such devices may be connected 
together using just two conductors. That is, a first device 
may be connected to the controller using just two con- 
ductors. Another device, using the same two conductors 
as are connected to the first, device, may then be con- 
nected to the first device, thereby allowing a "daisy 
chain" of such devices to be formed. Advantageously, 
each device in the daisy chain is individually addressa- 
ble by the control circuit, and the manner in which data 
is transmitted between a given device and the control 
circuit is very immune to noise, thereby providing a very 
high S/N ratio. 

[001 2] In accordance with one aspect of the invention , 
the invention comprises a chain of serially-connected 
electronic devices according to claim 1 . 
[0013] In accordance with another aspect of the in- 
vention, the invention comprises a method of sending 
power and control data to, and receiving transmit data 
from, a plurality of implantable medical devices accord- 
ing to claim 13, 

[0014] Advantageously, by using biphasic pulses in 
the manner described, such pulses serve a dual pur- 
pose: 

(1 ) the energy contained therein may be rectified by 
a rectifier circuit and used to power the device, and 

(2) the information contained therein may be detect- 
ed and provide a stream of input or control data to 
the device. 

Further, by interleaving amplitude modulated output 
pulses inbetween the incoming biphasic pulses, output 
data sensed or generated by a device may be transmit- 
ted on the same first and second line conductors used 
to send an input data stream to the device. Significantly, 
when the absence of a monophasic pulse is used to sig- 
nify one binary state, e.g., a binary "0", and an output 
pulse of maximum amplitude is used to signify another 
binary state, e.g., a binary "1", a high signal-to-noise ra- 
tio may be achieved, allowing the output data to be 
transmitted over a minimum number of conductors (two 
conductors) in a very noisy environment. 
[0015] It is thus a feature of the present invention to 
provide a means whereby implantable sensors or stim- 
ulators may be daisy chained together using a minimum 
number of connecting conductors. 
[0016] It is an additional feature of the invention to 
provide a daisy chain of implantable sensor/stimulator 
devices, serially connected together through a common 
power/data bus, wherein each individual device is ad- 
dressable from a common controller unit connected by 
way of the common power/data bus to each of the im- 
plantable devices. 

[001 7] It is another feature of the invention to provide 
individual implantable sensors and/or stimulators that 
can transmit and/or receive power and data signals over 
a minimum number of signal lines connected therebe- 
tween. 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 040 848 B1 



6 



[001 8] It is yet another feature of the invention to pro- 
vide an implantable sensor/stimulator device having a 
hermetically sealed part and a non-hermetically sealed 
part, with electrical feed-through means for making elec- 
trical connections between the hermetically sealed part 
and the non-hermetically sealed part, and wherein the 
hermetically sealed part encompasses electrical circuits 
for operating and controlling the device, and further 
wherein the non-hermetically sealed part includes a 
sensor for sensing a condition or substance to which the 
device is exposed, electrical terminals or pads to which 
connecting conductors may be connected, and/or elec- 
trodes through which stimulating current pulses may be 
applied to surrounding tissue or body fluids. 

Brief Description of the Drawings 

[0019] The above and other aspects, features and ad- 
vantages of the present invention will be more apparent 
from the following more particular description-thereof, 
presented in conjunction with the following drawings 
wherein: 

FIG. 1 is a block diagram that illustrates multiple 
sensors/stimulators connected together using a 
two-conductor bus, which two-conductor bus may 
be connected to a controller; 
FIG. 2 schematically illustrates a preferred manner 
of how a sensor/stimulator made in accordance with 
the present invention may be connected with a con- 
troller and other sensors/stimulators in a serial or 
daisy-chain fashion; 

FIG. 3A shows a perspective, partially exploded, 
view of a preferred sensor/stimulator of the type 
used in the daisy chain of FIG. 2; 
FIG. 3B illustrates a sectional side view of the sen- 
sor/stimulator of FIG. 3A; 

FIG. 3C illustrates a sectional top view of the sen- 
sor/stimulator of FIG. 3A; 

FIG. 3D illustrates a sectional end view of the sen- 
sor/stimulator of FIG. 3A; 

FIG. 4 depicts an implantable lead that includes a 
plurality of the sensors/stimulators of FIGS. 3A-3D; 
FIG. 5A is a functional block diagram of a simple 
daisy-chainable implantable device made in ac- 
cordance with the present invention wherein an 
electrical path for attaching additional devices pass- 
es through a hermetically-sealed portion of the im- 
plantable device; 

FIG. 5B is a functional block diagram as in. FIG. 5A, 
but wherein the electrical path for attaching addi- 
tional devices by-passes the hermetically-sealed 
portion of the implantable device; 
FIG. 5C is a functional block diagram as in FIG. 5A, 
but wherein additional circuit functions- are provid- 
ed so that a wide variety of different sensors and a 
stimulator may be included within the daisy-chain- 
able implantable device; 



FIG. 6 is a timing diagram that illustrates input and 
output data sent to and received from a daisy-chain- 
able device of the type shown in FIG. 5A, 5B or 5C; 
FIG. 7 illustrates a data frame used to communicate 

5 with the implantable device of the present invention 
when serially connected in a daisy chain; 
FIG. 8 is a timing diagram that illustrates time mul- 
tiplexed input and output data within a data frame 
as it appears on the two-conductor bus connecting 

10 a plurality of daisy-chainable devices of the type 
shown in FIGS. 5A, 5B or 5C; and 
FIG. 9 shows a representative schematic diagram 
of a typical line interface circuit that may be used as 
part of the daisy-chainable implantable devices of 

15 the type shown in FIGS. 5A, 5B or 5C. 

[0020] Corresponding reference characters indicate 
corresponding components throughout the several 
views of the drawings. 

20 

Detailed Description of the Invention 

[0021] The following description is of the best mode 
presently contemplated for carrying out the invention. 
25 This description is not to be taken in a limiting sense, 
but is made merely for the purpose of describing the 
general principles of the invention. The scope of the in- 
vention should be determined with reference to the 
claims. 

30 [0022] Turning first to FIG. 1, a block diagram is 
shown that illustrates multiple sensors/stimulators 12a, 
12b, ... 12/i , or other implantable devices, connected 
together, as well as a controller (not shown) using just 
two common conductors 1 4 and 1 6. The two conductors 

35 1 4 and 1 6 provide a common signal and return for data 
signals and power signals that are sent from the con- 
troller to the devices 12a, 12b, ... 12n, as well as a com- 
mon signal and return path for data signals transmitted 
from the devices 12a, 12b, ... 12n, to the controller. 

40 [0023] FIG. 2 schematically illustrates how an im- 
plantable device, e.g., a sensor/stimulator 1 8a, made in 
accordance with the present invention may be connect- 
ed with a remote controller 20 and other implantable de- 
vices 18b, ... 18n, in a serial or daisy-chain fashion. As 

45 seen in FIG. 2, the device 1 8a is connected to the con- 
troller 20 by two conductors 14' and 16' which are at- 
tached to a first pair of pads or terminals 1 3 and 1 5 along 
a proximal side (i.e, the side closest to the controller 20) 
of the device 18a. Another pair of pads or terminals 17 

so and 1 9 are located along a distal side (i.e. , the side far- 
thest from the controller 20) of the device 18a. As will 
become evident from the description that follows, the 
distal pad 17 is electrically connected to the proximal 
pad 13 through the circuitry 21 located on the device 

55 1 8a. Similarly, the distal pad 1 9 is electrically connected 
to the proximal pad 15 through the circuitry 21 included 
within the device 1Ba. Two additional conductors 
1 4" and 1 6" are then used to connect the distal pads 1 7 
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and 19 of the device 18a to corresponding proximal 
pads 1 3' and 1 5' of the next device 1 8b connected in the 
daisy chain. In this manner, as many devices as desired 
may be serially connected to the controlled 20 using just 
two conductors. 

[0024] It is noted that the FIG. 1 is functionally elec- 
trically equivalent to FIG. 2. FIG. 2 simply employs prox- 
imal and distal pairs of pads or terminals to facilitate the 
connection of additional devices to the chain by extend- 
ing two conductors from the distal pads 1 7 and 19 of a 
more proximal device in the chain to the proximal pads 
13' and 15' of a new device to be added to the chain. 
However, where the particular application allows con- 
nections to be made, or branched off of, the two main 
conductors 14 and 16, then the configuration of FIG. 1 
may be used just as well as the configuration of FIG. 2. 
[0025] There exist many different applications for the 
daisy-chainable sensor/stimulators 12 or 18 of the 
present invention illustrated in FIGS. 1 or 2. Generally, 
where the sensor/stimulators 12 or 18 are implanted, 
they are designed to sense one or more body parame- 
ters or substances found in body tissue or fluids, e.g., 
glucose level, blood pH, 0 2 , temperature, or the like. 
Such measurements can provide valuable information 
regarding the condition and status of the patient. As 
such, it is ofttimes desirable to make more than one 
measurement within the same general body tissue area 
so as to be able to compute an average or mean of the 
measurements thus made, or otherwise obtain a con- 
sensus from several different readings, thereby better 
assuring the accuracy and reliability of the data thus 
gathered. 

[0026] Other times, it may be desirable to obtain var- 
ious measurements of a given substance at physically- 
related, but different, body locations. For example, for 
some applications, e.g., a closed-loop glucose infusion 
system, it could be advantageous to obtain a glucose 
reading within the blood stream and another glucose 
reading within the body tissue adjacent the blood 
stream. This is because the time constant associated 
with how rapidly one glucose reading changes com- 
pared with the other may be different (and, in fact, is 
usually different), and being able to obtain or monitor 
such difference would provide valuable information re- 
garding the regulation of the glucose infusion. 
[0027] Turning next to FIGS. 3A, 3B, 3C and 3D, there 
are shown, respectively, a perspective exploded view 
(FIG. 3A), a side view (FIG. 3B), a top view (FIG. 3C), 
and an end view (FIG. 3D), of a typical implantable sen- 
sor device 30 of a type suited for use with the present 
Invention. As seen best in FIG. 3A, the sensor device 
30 typically includes a carrier or substrate 36 on which 
an integrated circuit (IC) 38 and other components, such 
as a capacitor 40, are mounted. In some embodiments, 
it should be noted that the carrier or substrate 36 may 
actually comprise the substrate on which the IC 38 is 
fabricated; but for purposes of the explanation which fol- 
lows, it is assumed that a separate substrate or carrier 



36 is employed with various circuit elements mounted 
thereon to form a hybrid circuit. The carrier or substrate 
has conductive patterns etched or otherwise deposited 
thereon to interconnect the IC 38, capacitor 40, and any 

s other components to form a hybrid circuit which carries 
out the desired sensing (or other) function. 
[0028] All of the components of the hybrid circuit are 
hermetically sealed within a cavity formed by a lid or cov- 
er 42 which is bonded to the substrate 36. Proximal pads 

10 or terminals 13 and 15, as well as distal pads or termi- 
nals 17 and 19, remain outside of the hermetically 
sealed part of the hybrid circuit created by the cover 42. 
These proximal and distal pads, however, are electrical- 
ly connected to the circuitry within the hermetically 

15 sealed part through suitable feedthrough connections. 
While any suitable feedthrough connection may be used 
for this purpose, a preferred manner of making such 
feedthrough connection is to use a feedthrough connec- 
tion that passes through the carrier or substrate in the 

20 stair-step manner (including both vertical and horizontal 
segments). 

[0029] On the side of the carrier or substrate opposite 
the hybrid electrical circuitry, a suitable electrochemical 
sensor 44, or other desired type of sensor or stimulator, 

25 may be formed or located. A type of electrochemical 
sensor that may be used, for example, is the enzyme 
electrode sensor described in U.S. Patent No. 
5,497,772, incorporated herein by reference, and in par- 
ticular, in FIGS. 2A, 2B, 2C, 3, 4A and 4B of that patent. 

30 However, it is to be emphasized that the precise nature 
of the sensor 44, or other implantable element used 
within the device 30, is not critical to the present inven- 
tion. All that matters is that the sensor or other element 
be implantable, and that it provide a desired function, e. 

35 g M sense a certain type of parameter of substance, or 
generate a certain type of signal, in response to an ap- 
propriate control signal or signals. 
[0030] Whatever, type of control signal(s) or output 
signal(s) is/are generated by the sensor 44, or other el- 

40 ement, such signal(s) may be communicated from the 
hybrid circuit side of the substrate or carrier 36 (which 
is the top side as the device 30 is oriented in FIG. 3B or 
FIG. 3D, and which top side includes the hermetically 
sealed portion of the device) to the sensor side of the 

45 device 30 (which is the bottom side as shown in FIG. 3B 
or 3D) by way of appropriate hermetically-sealed . 
feedth roughs that pass step-wise from the hybrid (top) 
side of the device 30 through the substrate or carrier, e. 
g., in the manner set forth in the above- referenced US 

so Patent No. 5,750,926, to the sensor (bottom) side of the 
device 30. 

[0031] For example, where the sensor comprises a 
glucose sensor of the type taught in U.S. Patent No. 
5,497,772, there are essentially five conductors that 
55 electrically interface with the main elements (elec- 
trodes) of the sensor, as seen best in FIG. 4A of the 772 
patent. Where such a glucose sensor is employed, 
these five conductors thus interface with the hybrid elec- 



5 



9 



EP 1 040 848 B1 



10 



trical circuitry found on the top side of the carrier 36) 
using appropriate feedthroughs that hermetically pass 
step-wise through the carrier 36, i.e., that pass through 
the carrier using both vertical and horizontal segments, 
as taught in the US Patent No. 5,750,926. 
[0032] It is to be emphasized that the invention is not 
limited to the specific sensor configuration shown in 
FIGS. 3A-3D. Rather, any type of implantable device, 
whether configured as illustrated in FIGS. 3A-3D or oth- 
erwise, could be used with the invention. The present 
invention relates to the manner in which multiple sen- 
sors, or other implantable devices, regardless of their 
shape orconfiguration, may be serially connected in dai- 
sy-chain fashion using a minimum number of conduc- 
tors, e.g., two conductors, as well as to the manner in 
which such devices electrically communicate with the 
controller 20 or other remote device so that each is in- 
dividually addressable by the controller, and so that 
each can send data to the controller. 
[0033] It is noted that the configuration of FIG. 2 is 
especially well-suited where several of the implantable 
devices are to be daisy-chained together to form a single 
lead 32, as shown in FIG. 4. As seen in FIG. 4, three 
sensor-type devices 30a, 30b, and 30c are connected 
together via lead segments 46a, 46b, and 46c. Each of 
the lead segments 46a, 46b, and 46c, contain two con- 
ductors 14, 16, and may be constructed in any suitable 
manner, e.g., with the two conductors being spirally 
wound within the lead segments, and with the spiral 
windings being encased or covered within a sheath of 
silicone rubber, as is known in the lead art. (Note, that 
for purposes of FIG. 4 each of the two conductors 14, 
16 within the lead 32 is considered as one conductor, 
even though each is segmented within the individual 
lead segments 46a, 46b and 46c as it connects from the 
distal pad of one device to the proximal pad of another 
device.) A distal cap 34 covers the distal pads of the 
end, or most-distal, device 30c of the lead 32. 
[0034] As was mentioned above, it is noted that the 
device 30 need not necessarily employ a carrier 36, per 
se, as shown in FIGS. 3A, 3B, 3C, 3D and FIG. 4, where- 
in the control electronics are positioned on one side (the 
top side) of the carrier 36, and the sensor, or other de- 
vice being used with or controlled by the electronics is 
placed on the other side (the bottom side) of the carrier. 
Rather, a ceramic or other substrate on which the IC 38 
is formed may itself function as the carrier. That is, the 
vias that are formed in a substrate, or between various 
layers of an integrated circuit as the integrated circuit 
(IC) is formed, may function as hermetic feedthroughs, 
with selected layers and traces being coated as needed 
with aluminum oxide, or other oxide coatings, 

in order to seal appropriate sections or portions of 
the IC so that the coated IC may itself be implanted. In 
such embodiment, the sensor or other implantable ele- 
ment 44 used with or controlled by the IC may be formed 
on the back side of the IC's substrate. Thus, a carrier, 
per se, is not needed because the IC substrate functions 



as the carrier. 

[0035] An important feature of the present invention 
is the electrical circuitry contained within or included as 
a part of what is referred to above as the "hybrid circuit 

5 portion" of the implantable device 30. The purpose of 
this electrical circuitry is to allow the implantable device 
30 to be daisy chained with other similar implantable de- 
vices, while still allowing each individual device to be 
individually addressed, controlled and monitored from a 

10 single controller 20. This electrical circuitry, frequently 
referred to hereafter as the interface/control circuitry, is 
shown in FIGS. 3A, 3B, 3C, 3D and 4 as being located 
on the "top" side of the carrier 36, predominantly under- 
neath the cover 42 in a hermetically sealed portion of 

15 the device 30. It is to be understood, however, that the 
location of the interface/control circuitry within the de- 
vice 30 is not critical so long as it is appropriately her- 
metically sealed. 

[0036] The control/interface circuitry may take many 

20 and varied forms, FIGS. 5A, 5B and 5C, discussed be- 
low, show three such variations. Turning first to FIG. 5A, 
for example, a functional block diagram of a basic con- 
figuration of control/interface circuitry 50 for use with a 
single sensor 52 made in accordance with the present 

25 invention is shown. The dotted line 54 represents a her- 
metic seal that hermetically seals the circuitry 50 and all 
but a portion of the sensor 52. (Generally, where a sen- 
sor is employed, at least a portion of the sensor, e.g., 
an electrode, is left exposed to the tissue and flu ids with- 

30 in which the device 30 is implanted so that the sensor 
can perform its intended function of sensing some pa- 
rameter or element present within the tissue and/or flu- 
ids.) The input pads 13 and 15, as well as the output 
pads 17 and 19, are not hermetically sealed, thereby 

35 allowing these pads to be readily connected to the two 
conductors 14 and 16 (FIG. 1) from the controller 20. 
[0037] As seen in FIG. 5A, pads 13 and 15 are con- 
nected to respective conductive traces, labeled LINE 1 
(IN) and LINE 2 (IN), and each of these conductive trac- 

^0 es passes through respective feedthroughs 53 and 55 
into the hermetically sealed portion of the circuitry 50. 
Pads 1 7 and 1 9, on the other side of the circuit, are like- 
wise connected to respective conductive traces, labeled 
LINE 1 (OUT) and LINE 2 (OUT), and each of these con- 

^5 ductive traces passes through respective feedthroughs 
57 and 59 into the hermetically sealed portion 54 of the 
circuitry 50. Inside the hermetically sealed portion, LINE 
1 (IN) connects with LINE 1 (OUT) via conductive trace 
56, and LINE 2 (IN) connects with LINE 2 (OUT) viacon- 

50 ductive trace 58. In this manner, pad 13 is electrically 
connected with pad 17 via trace 56 which passes 
through the hermetically sealed portion 54 between 
feedthroughs 53 and 57. This interconnection of pad 13, 
trace 56 and pad 57 may be referred to simply as LINE 

55 1 . Similarly, pad 1 5 is electrically connected with pad 1 9 
via trace 58, which trace also passes through the her- 
metically sealed portion 54 between feedthroughs 55 
and 59. This interconnection may be referred to simply 
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as LINE 2. 

[0038] As seen in FIG. 5A, a power rectifier circuit 60 
is connected between LINE 1 and LINE 2. This circuit 
extracts and rectifies any signal pulses found on LINE 
1 and LINE 2 and produces an operating voltage, +V 5 
and -V, for powering the circuitry 50. Such rectification 
is not a trivial task given the low level signals which are 
generally present on LINE 1 and LINE 2, which signals 
are usually well below the 0.6-0.8 voltage drop of a con- 
ventional silicon diode. io 
[0039] A line interface circuit 62 also is connected be- 
tween LINE 1 and LINE 2. The circuit 62 functions as 
an interface between the circuitry 50 and LINE 1 and 
LINE 2. To this end, the interface circuit 50 receives in- 
coming data pulses present on LINE 1/LINE 2 and gen- 15 
erates a DATA-IN signal on line 64 therefrom. The inter- 
face circuit 62 further generates a clock (CLK) signal on 
line 66 that is synchronized with the incoming data sig- 
nals. The interface circuit 50 also receives digital output 
data, DATA OUT, from a counter circuit 68, and converts 20 
this output data to an appropriate format prior to placing 
the output data back on LINE 1/LINE 2. One type of line 
interface circuit 62 that may be used with the circuitry 
50 is illustrated in the schematic diagram shown and ex- 
plained below in conjunction with FIG. 9. 25 
[0040] Still referring to FIG. 5A, the sensor 52 may be 
any suitable implantable sensor adapted to sense a de- 
sired condition, parameter, or substance present (or ab- 
sent) in the implantable tissue within which the device 
30 is implanted. For example, the sensor 52 may com- 30 
prise a glucose sensor that generates an output analog 
current, /, appearing on line 69, having a magnitude that 
varies as a function of the sensed glucose. 
[0041] As a practical matter, regardless of the type of 
sensor 52 that is employed, it will usually generate either 35 
an analog output voltage or an analog output current as 
afunctionoftheconcentration, magnitude, composition, 
or other attribute, of the parameter being sensed. Such 
analog current or voltage may then be converted, using 
an appropriate converter circuit 70, to a frequency sig- *o 
nal, appearing on line 72. Typically, the frequency signal 
on line 72 comprises a train of pulses having afrequency 
(or repetition rate) that varies as a function of the input 
voltage orcurrent. In FIG. 5A, forexample, it is assumed 
that the sensor 52 generates an output current /, and *s 
that the converter circuit 70 comprises a current-to-fre- 
quency (l/F) converter circuit, generating an output 
pulse train on line 72 that has a frequency which varies 
as the magnitude of the current / varies. (Of course, it 
would be just as feasible for the sensor to generate an so 
output voltage V, and have the converter circuit 70 com- 
prise a voltage-to-frequency (V/F) converter circuit, 
generating an output pulse train on line 72 having a fre- 
quency that varies as the magnitude of the voltage V 
varies.) 55 
[0042] Once a pulse train 72, or other ac signal, is 
generated having a frequency which varies as a function 
of the parameter being sensed by the sensor 52, such 



signal is applied to a counter circuit 68. (Note, as a short- 
hand notation used in this application, a signal appear- 
ing on signal line having a given reference number may 
be referred to as the signal having such given reference 
number, i.e., the signal appearing on signal line 72 may 
simply be referred to as "signal 72".) The counter circuit 
simply counts the number of pulses present in the signal 
72 over a prescribed period of time, thereby providing a 
measure of the frequency of the signal 72. Forexample, 
if the signal 72 comprises a signal having 100 pulses 
per second (pps), and if the counter 68 is set to count 
the pulses over a period of time, or time-measurement 
window, of one second, then the counter 68, assuming 
it is reset to zero at the beginning of the measurement 
period, will have a count of 1 00 stored therein at the end 
of the measurement period . If the frequency of the signal 
72 increases, e.g., to 120 pps, then the count held in the 
counter should increase to 1 20 at the end of the meas- 
urement period. If the frequency of the signal 72 de- 
creases, e.g., to 80 pps, then the count held in the coun- 
ter should decrease to 80 at the end of the measurement 
period. In this manner, by resetting the counter 68 at the 
beginning of each measurement period, the count held 
in the counter at the end of the measurement period pro- 
vides a signal representative of the frequency of the sig- 
nal 72. Such count signal, for the basic embodiment 
shown in FIG. 5A, may thus serve as the output data 
signal, DATA OUT, that is sent to the line interface circuit 
62 over signal line 74. 

[0043] Control of the counter 68, i.e., resetting the 
counter and/or stopping the counter after a prescribed 
measurement period, is controlled by control logic 76. 
In a simple embodiment, the measurement period may 
be a fixed time period. In other embodiments, the meas- 
urement period may be set by input data received over 
signal line 64 from the line interface circuit 62. The clock 
signal 66 may be used as a measure of elapsed time, 
as well as to coordinate when the counter 68 sends its 
DATA OUT signal 74 to the line interface circuit 62. 
[0044] As needed, a voltage generator circuit 78 
generates a reference voltage V REF , and a bias signal, 
V B | AS , that are used by the current-to-frequency (l/F) 
converter circuit 70 as it performs its function of 
converting the analog current signal 69 to a frequency 
signal 72, 

[0045] Turning next to FIG. SB, there is shown afunc- 
tional block diagram of an alternative implantable device 
50'. The device 50' is in most respects the same as, or 
similar to, the device 50 shown in FIG. 5A. That is, the 
device includes a hermetically-sealed portion 54' 
wherein desired electronic circuitry is housed, including 
a power rectifier circuit 60* and a line interface circuit 
62'. Other circuits, represented generically as the block 
80, are coupled to the line interface circuit 62'. Such oth- 
er circuits 80 may include, e.g., an l/F converter, a sen- 
sor, a stimulator, a counter, a microprocessor, and/or 
othercircuits as neededto control and perform a desired 
stimulation or sensing function. 
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[0046] Like the device 50 of FIG. 5A, the device 50' 
of FIG. 5B includes a pair of feed through terminals 53' 
and 55' through which a LINE 1 and a LINE 2 connection 
may be respectively made between external (non-her- 
metically sealed) input terminal pads 13' and 15' and the 
hermetically sealed power rectifier circuit 60' and line 
interface circuit 62'. Unlike the device 50 of FIG. 5A, the 
device 50' of FIG. 5B includes output terminal pads 17' 
and 1 9' for LINE 1 and LINE 2 that are connected directly 
to the input terminal pads 13' and 15', respectively, with- 
out the connection passing through the hermetically 
sealed portion 54' of the device. As such, the configu- 
ration of the device 50* illustrated in FIG. 5B is better 
suited for applications where the sensor/stimulator de- 
vices in the daisy chain do not have to be lined up in 
serial or lead-like fashion (as suggested, e.g. , by the de- 
vices 18a, 18b ... 18n in FIG. 3), but wherein each de- 
vice 50' of the chain may be fanned out and located or 
positioned at varying locations relative to the other de- 
vices in the chain. 

[0047] Next, with reference to FIG. 5C, there is shown 
a functional block diagram of a sensor stimulator device 
50". The device 50" is, in many respects, similar to the 
device 50 shown in FIG. 5A, but as is evident from FIG. 
5C, the device 50" includes additional circuit functions 
thatallow a wide variety of different sensor and/or stim- 
ulator functions to be provided. With the exception of 
stimulating electrodes 82 and 83, and portions of one or 
more of the sensors 53a, 53b, 53c,... 53n, all of the el- 
ements shown in FIG. 5C are included in a hermetically- 
sealed portion of the device 50". 
[0048] Like the device 50 of FIG. 5A, the device 50" 
of FIG. 5C includes a power rectifier circuit 60" and a 
line interface circuit 62", each of which is connected to 
input/output LINE 1 and LINE 2 conductors. These LINE 
1 and LINE 2 conductors are connected through appro- 
priate feedthrough elements (not shown) to appropriate 
pads (also not shown in FIG. 5C, but which are the same 
as or similar to the input/output pads 13, 15, 17 and 19 
of FIG. 5A, or input/output pads 13', 15', 17' or 19' shown 
in FIG. 5B). The power rectifier circuit 60" and the line 
interface circuit 62" serve the same function as, and 
may be the same as or similar to, the power rectifier cir- 
cuit 60 and line interface circuit 62 described or refer- 
enced above in connection with FIG. 5A. Also, like or 
similar to the device 50 of FIG. 5A, the device 50" shown 
in FIG. 5C may include a voltage generator circuit 
78" that generates a V REF and V B | AS signal used by var- 
ious other circuits within the device 50". 
[0049] Unlike the simple device 50 of FIG. 5A, which 
includes a single sensor 52, the device 50" of FIG. 5C 
includes multiple sensors 53a, 53b, 53c, 53d,.. .53n. 
Each of these sensors may be configured to sense a 
different parameter or substance, or all may be config- 
ured to sense the same parameter or substance. Alter- 
natively, a first group of the sensors, e.g., sensors 53a 
and 53b, may be configured to sense the same param- 
eter or substance; while a second group of the sensors, 



e.g., sensors 53c, 53d,. ..53n, may be configured to 
sense a different parameter or substance; while yet a 
third sensor or group of sensors, e.g., a sensor which 
generates a voltage V c , may be configured to sense yet 

s an additional parameter or substance. For example, 
sensors 53a and 53b may comprise strain gauges which 
measure movement of the tissue in which they are im- 
planted; sensors 53c, 53d,. ..53n may comprise glucose 
sensors that sense the glucose concentration of the tis- 

10 sue orfluids in which they are implanted, and the voltage 
V c may represent a voltage obtained from within the de- 
vice 50" that represents a measure of the temperature 
of the device 50", and hence a measure (over time) of 
the temperature of the tissue in which the device 50" is 

15 implanted. 

[0050] As shown in FIG. 5C, the sensors 53a and 53b 
each generate, as an output signal (having a magnitude 
that varies in some known fashion, e.g., linear, as a func- 
tion of the parameter or substance being sensed) an 

20 output current l a and l b , respectively. As required, the 
voltage V c , which may represent a status condition or 
other parameter related to the device 50", may be ap- 
plied to a voltage-to-current converter circuit 88, which 
circuit converts the sensed voltage V c to a correspond- 

25 ing current, l c . The currents l a , l b> and l c are all connect- 
ed through an analog multiplexer circuit 90 to a first cur- 
rent-to-frequency (l/F 0 ) converter circuit 71a. The mul- 
tiplexer 90 is controlled by a suitable control signal re- 
ceived over signal line 92 from state machine control 

30 logic 94. 

[0051 ] The l/F 0 converter circuit 71 a produces a var- 
iable frequency output signal (having a frequency that 
varies as a function of the selected input current l a , l b , 
or l c ) which is directed to a first measurement counter 

35 98a through a digital multiplexer 96. As shown in FIG. 
5C, the digital multiplexer 96 may also select, under con- 
trol of a control signal 95 received from the state ma- 
chine control logic 94, the output frequency signal gen- 
erated by a second current-to-frequency (l/F-,) converter 

40 circuit 71 b, which l/F 1 converter circuit 71 b receives an 
input current ^ from sensor 53c. Thus, the first meas- 
urement counter 98a measures either the frequency of 
the output from the l/F 0 circuit 71 a or the frequency of 
the output from the l/F 1 circuit 71b as controlled by the 

45 state machine control logic 94. 

[0052] Other measurement counters 98b, ... 98n may 
also be used to respectively measure the frequency sig- 
nals generated by additional sensors 53d,... 53n. That 
is, sensor 53d generates an output current l 2 as a func- 

50 tion of a sensed parameter or substance. This current 
l 2 is applied to a third current-to-frequency (l/F 2 ) con- 
verter circuit 71c. The l/F 2 circuit 71 c converts the cur- 
rent l 2 to a frequency signal, which frequency signal is 
applied to the measurement counter circuit 98b. In a 

55 similar manner, each other sensor that may be present 
in the device 50", up to sensor 53n, generates a corre- 
sponding output current as a function of a sensed pa- 
rameter or substance. The current from each such sen- 
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sor, including current l n from sensor 53n, is applied to a 
corresponding current-to-frequency converter circuit, 
up to an including an l/F n converter circuit 71 n. Each 
such l/F converter circuit, up to the l/F n converter circuit 
71 n, converts its respective input current to a corre- 5 
sponding frequency signal, which frequency signal is 
then applied to a respective measurement counter cir- 
cuit. Thus, for example, sensor 53n generates current 
l n as a function of a sensed parameter or substance, 
and applies this current l n to converter l/F n , the frequen- 
cy output signal of which is then applied to measurement 
counter 98n. 

[0053] The output signals from each of the measure- 
ment counters 98a, 98b, ... 98n, which output signals 
represent a digital measure of the parameter sensed by 
a corresponding sensor that is upstream from the meas- 
urement counter, are then selectively applied, through 
an output multiplexer circuit 1 00 to the line interface cir- 
cuit 62". This selection is controlled by the state machine 
control logic 94 by way of a suitable control signal 97. 
The output signal selected by the multiplexer 100 thus 
comprises output data (referred to in FIG. 5C as "DATA 
OUT') that is applied to the LINE 1 and LINE 2 conduc- 
tors of the two-conductor cable (or connecting bus) that 
connects each of the implantable devices 50" to a suit- 
able controller 20. Thus, this output data may be trans- 
ferred to the controller 20 over the LINE 1/LINE 2 con- 
ductors in the manner described below. 
[0054] As described above, it is th us seen that the de- 
vice 50" allows multiple sensors 53a, 53b, ... 53n, to 
sense an appropriate parameter, substance, or condi- 
tion, convert such sensed parameter, substance or con- 
dition to first a frequency signal, and second to a digital 
signal, which digital signal may then be selectively 
passed on to other devices, e.g., a remote controller 20, 
or another device 50, coupled to the LINE 1/LINE 2 con- 
ductors. Advantageously, through the use of the multi- 
plexers 90, 96 and 100, each of which is controlled by 
suitable state machine control logic 94, the frequency at 
which a given sensor is sampled can be controlled in a 
desired manner. For example, as suggested by the con- 
figuration shown in FIG. 5C, it is seen that sensors 53d... 
53n may be sampled at a rate controlled by output mul- 
tiplexer 1 00. Sensor 53c may similarly be sampled at a 
rate controlled by output multiplexer 1 00 and multiplexer 
96; and sensors 53a and 53b, as well as status voltage 
V c , may be sampled at a rate controlled by output mul- 
tiplexer 100, multiplexer 96 and multiplexer 90. 
[0055] It is to be emphasized that the particular con- 
figuration (shown in FIG. 5C) of using multiple sensors 
and multiplexers is only exemplary, not limiting. It is in- 
tended that any configuration of an implantable, daisy- 
chainable device that allows one or more, e.g., multiple, 
sensors to be employed within the device, with the data 
sensed by each sensor being convertible to an appro- 
priate form and transferable back through a suitable 
line interface circuit to the LINE 1/LINE 2 conductors, 
being included be included within the scope of the in- 



vention. 

[0056] Still referring to FIG. 5C, it is seen that the de- 
vice 50" further includes a stimulator circuit 86. The 
stimulator circuit 86 is controlled by the state machine 
control logic 94. The stimulator circuit 86 generates ap- 
propriate electrical stimulation pulses, applied across 
one or more electrodes 82 and/or 83. These electrodes 
82 and/or 83 are connected to the stimulator circuit 86 
through conductors that pass through an appropriate 
feedthrough terminal, or seal 84, thereby allowing at 
least one of the electrodes to be in the non-hermetically 
sealed portion of the device 50". The design of the stim- 
ulator circuit 86 may be conventional, e.g., as is com- 
monly used in the cochlear stimulation art, see. e.g. U. 
S. Patent No. 5,603,726 (incorporated herein by refer- 
ence), the cardiac tissue stimulation art, the neural stim- 
ulation art, and/or the pain-relief stimulation art. 
[0057] The state machine control logic 94 may like- 
wise be of conventional design, appropriate for the low 
power constraints applied to all of the circuitry within the 
device 50". It is the function of the state machine control 
logic 94 to generate control signals that control the op- 
eration of the stimulator circuit 86, as well as the sam- 
pling and data conversion associated with each of the 
various sensors 53a, 53b,. ..53n, all as controlled by and 
in synchrony with DATA-IN signals and a clock (CLK) 
signal received from the line interface circuit 62". In its 
simplest form, the control logic 94 may comprise simply 
a flip-flop or two, and associated logic gates, which re- 
ceive the DATA-IN and CLK signals and use such sig- 
nals to steer or control the flip flop(s) to toggle between, 
or cycle through, various operating states. In each state, 
appropriate control signals are generated by the control 
logic to cause a specified sensor to be sampled, and/or 
a stimulation pulse to be generated. As required, reset 
signals are also generated in the various states in order 
to reset the various counter circuits. Additionally, a pow- 
er-on-reset circuit 1 02 may be coupled to the state ma- 
chine control logic 94 to assure that the control logic 94 
comes up in a desired state, or operating mode, each 
time power is applied to the device 50". The details of 
the state machine control logic are not critical for pur- 
poses of the present invention. Those of skill in the art 
can readily fashion appropriate state machine control 
logic to accomplish a desired operating performance for 
the device 50". 

[0058] It should also be pointed out that any circuitry 
which accomplishes the function of the state machine 
control logic 94 could be used in lieu of, or as a supple- 
ment to, the conventional state machine control logic de- 
scribed above. Such circuitry includes, for example, a 
low power microprocessor programmed with an operat- 
ing program stored in read-only memory (ROM). 
[0059] Further, it is noted that inclusion of a stimulator 
circuit 86, and corresponding stimulation electrodes 82 
and/or 83, within the implantable device 50" should be 
viewed as an option, not a requirement. That is, for many 
applications, all that the daisy-chainable implantable de- 
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vice 50" need do is to sense one or more parameters or 
substances, without the need to provide stimulation. For 
such applications, the stimulation function may thus be 
omitted. 

[0060] The current-to-frequency converter circuits 5 
71a, 71b, ... 71 n may each be substantially as is de- 
scribed in the previously- referenced patent application 
(incorporated. herein by reference) entitled LOW POW- 
ER CURRENT-TO-FREQUENCY CONVERTER. 
[0061] The counter circuits 98a, 98b f ...98n, as well as 
the multiplexer circuits 90, 96 and 100, may all be of 
conventional design, utilizing, e.g., low powerCMOS in- 
tegrated circuits. 

[0062] Turning back momentarily to FIG. 2, where a 
plurality of implantable, daisy-chainable sensor/stimula- 
tor devices 18a, 18b ...18n made in accordance with the 
present invention are shown connected in tandem, it is 
noted that a key feature of the present invention is the 
ability of the controller 20 to provide operating power to, 
and to individually send control data to, as well as re- 
ceive data from, each of the devices 18 that are con- 
nected to the controller over the same two conductors 
14 and 16. The preferred manner in which such power- 
ing and individual addressing is done is next explained 
in connection with FIGS. 6, 7 and 8. 
[0063] FIG. 6 illustrates a timing diagram that shows 
the preferred relationship between input data (top wave- 
form) sent to the implantable devices and output data 
(bottom waveform) received from the implantable devic- 
es, as such data would appear on the two LINE 1/LINE 
2 conductors that connect all of the devices together. In 
FIG. 6, it is assumed that time is the horizontal axis, 
whereas amplitude is the vertical axis. It is also noted 
that the waveforms shown in FIG. 6 represent current 
waveform pulses. 

[0064] As seen in FIG. 6, the preferred form for the 
input data is biphasic pulses. Each biphasic pulses com- 
prises a first current pulse of a first polarity, followed by 
a second current pulse of the same magnitude of the 
opposite polarity. Thus, the net current for each biphasic 
pulse is preferably zero, with the positive current pulse 
effectively balancing out the negative current pulse. 
[0065] A binary "1 " is represented by a biphasic pulse 
of one phase, e.g., a positive current pulse followed by 
a negative current pulse; while a binary "0" is represent- 
ed by a biphasic pulse of the opposite phase, e.g., a 
negative pulse followed by a positive pulse. Thus, as 
shown in FIG. 6, a binary "1" may be represented as a 
positive current pulse followed by a negative current 
pulse, while a binary "0" is represented by a negative 
current pulse followed by a positive current pulse. 
[0066] As further seen in FIG. 6, there may be an "off 
time", between the two current pulses of each biphasic 
pulse, but such off time is not always necessary (hence, 
as indicated, it may be reduced to zero). A prescribed 
time increment T1 separates one input data biphasic 
current pulse from the next input data biphasic current 
pulse. 



[0067] As also seen in FIG. 6, the preferred form for 
the output data is also a biphasic pulse, amplitude mod- 
ulated (or preferably ON/OFF modulated) as a function 
of whether the output data is a binary "1" or "0". In the 
preferred embodiment, the peak amplitude of the output 
data pulse for a binary "1 " is l p , while the peak amplitude 
of the output data pulse for a binary "0" is zero. Thus, in 
this preferred ON/OFF modulation scheme, the pres- 
ence of an output data pulse represents a binary "1 " and 
the absence of an output data pulse represents a binary 
"0". Output data pulses are inserted in the data stream 
appearing on the LINE 1/LINE 2 conductors pulses at a 
specified time T2 from the input data pulse so as to fall 
between the input data pulses, in a time-division multi- 
plexed manner. Although the preferred form of the out- 
put data pulses is a biphasic pulse (to achieve current 
balancing), it is noted that in some instances a 
monophasic pulse at time T2 (and with amplitude of l p 
or zero) may be used. 

[0068] As shown in FIGS. 7 and 8, the input data sent 
over the LINE 1/LINE 2 conductors by the controller is 
divided into data frames of length T3. Within each data 
frame, N bits of data are found, where N is an integer 
typically ranging from 8 to 64. A representative assign- 
ment of the data bits included in the data frame is illus- 
trated in FIG. 7. As shown in FIG. 7, the first bit of the 
data frame is a start bit, followed by three bits (bits 2, 3 
and 4) that comprise address bits. Bits 5, 6 and 7 com- 
prise an operation code (op code) that define an oper- 
ation (e.g., one of eight operations) that the addressed 
device is to perform. Bits 8-1 2 then define particular con- 
trol parameters associated with the operation that is to 
be carried out, e.g. , the amplitude of a stimulation pulse, 
or the particular sensor(s) from which data is to be gath- 
ered, etc. Bit 13 comprises a parity bit. Bits 14 through 
AM comprise transmit data, followed by the Afth bit, 
which is a stop bit or end bit of the data frame. 
[0069] The transmit data bits, in one embodiment, ef- 
fectively define time windows within the data frame dur- 
ing which data being sent (or transmitted) from a given 
implantable device to the controller is to be inserted in 
the data frame. For example, the controller may be set 
up to recognize that output data appearing T2 seconds 
after the 13th input data pulse (i.e., during bit 13) corre- 
sponds to data sent by a specific one of the devices in 
the daisy chain. In this manner, some data from each of 
the implantable devices in the chain may be received 
during each data frame. Alternatively, other schemes 
may be used to keep track of which output data appear- 
ing on the LINE 1/LINE 2 conductors belongs to which 
devices. For example, all of the devices but one may be 
effectively shut down insofar as sending output data is 
concerned until all the needed data from that one ena- 
bled device has been obtained. This allows data to be 
received much faster from a given device, but at the ex- 
pense of not receiving data from the other devices until 
the transmission is complete. 

[0070] Because the input data comprises biphasic 
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pulses that occur at a regular interval or rate (e.g., every 
T1 seconds), the energy contained in such pulses may 
be utilized to provide the operating power for the circuits 
contained within the device 50". Such is accomplished 
using the rectifier circuit 60, 60' or 60" (FIGS. 5A, 5B or 
5C). 

[0071] The input and output data pulses of the type 
shown in FIGS. 6 and 8 are generated by the line inter- 
face circuit 62, 62' or 62" (FIGS. 5A, 5B or 5C). A sche- 
matic diagram of a representative line interface circuit 
is shown in FIG. 9. The particular line interface circuit 
shown in FIG. 9 receives biphasic pulses from and 
sends monophasic pulses back to the controller 20 (FIG. 
2). The operation of the circuit shown in FIG. 9 should 
be self-evident to those of skill in the art. The following 
explanation provides an overview of such operation. 
[0072] The biphasic pulses appearing on the LINE 
1/LINE 2 conductors are effectively pulse pairs, one 
pulse of the pair being positive and the other being neg- 
ative, with the polarity of the first pulse determining 
whether the pulse represents a binary "1" or a binary 
"0". The LINE 1/LINE 2 conductors are connected to 
CMOS switches M3 and M4 such when LINE 1 goes 
high, it switches on M4 and switches off M3. Switching 
on M4 pulls down the level at the drain of M4 for the 
duration of the pulse. Switching M3 off makes the drain 
of M3 go high. The low pulse at the drain of M4 passes 
through three inverters 112, 114 and 116 and appears 
as a high data pulse at the DATA-IN signal line 64, hav- 
ing the same pulse width as the incoming pulse. Thus, 
incoming positive pulses on LINE 1 are passed through 
as positive pulses on the DATA-IN line 64. 
[0073] In a similar fashion, negative pulses on LINE 
1 cause M3 to switch ON and M4 to switch off. With M4 
switched off, the drain of M4 is pulled high, and this high 
level passes through inverters 112, 114 and 116 to be- 
come a low level data pulse at the DATA-IN signal line 
64 having the same pulse width as the incoming nega- 
tive pulse. Thus, incoming negative pulses on LINE 1 
are passed through as low pulses on the DATA-IN line 
64. 

[0074] The clock signal, on signal line 66, is generated 
by a D-flip-flop 122, as controlled (or clocked by) the 
rising edge of the Q* output of a NOR latch 120. The 
NOR latch 1 20 is reset by gate 118, causing the Q* out- 
put of latch 120 to rise, whenever either one of the M3 
or M4 switches are turned on, which occurs whenever 
an input pulse of either polarity is received. Having the 
NOR latch 120 reset, thereby causing its Q* output to 
rise from a low level to a high level, causes two events 
to happen: (1) a first timer circuit 124 starts its timing 
cycle; and (2) the D flip-flop 122 is clocked, causing its 
Q output (attached to signal line 66) to be set to a high 
level. The rising edge of the signal on signal line 66 fur- 
ther causes a second timer circuit 126 to be triggered. 
Representative times for the first and second timers are 
152 microseconds (u.sec) and 44 u,sec, respectively. 
Thus, as soon as an input pulse is received, positive or 



negative, both the first and second timers start to time 
out. 

[0075] Forso long as the first timer circuit 1 24 is timing 
out, e.g., for 152 jxsec following an input pulse, it locks 

5 the NOR latch 1 20, making it immune to any further sig- 
nals received from the M3 or M4 switches (i.e., making 
it immune to any line activity appearing on the LINE 
1/LINE 2 signal lines). Line activity during this immune 
time typically includes the second line pulse of the bi- 

10 phasic pulse pair, any reply pulse that may be deliber- 
ately placed on the LINE 1/LINE 2 signal lines (as ex- 
plained below), or noise. As soon as the first timer 1 24 
times out, the NOR latch 120 is unlocked, making it re- 
sponsive to the next line activity that occurs, e.g., the 

15 next biphasic data pulse, representing the next data bit 
of the data frame. 

[0076] When the second timer 126 times out, e.g., at 
44 usee after receipt of an incoming pulse, the Q output 
of the second timer 126 goes high, causing the D flip- 

20 flop 122 to reset, thereby causing the clock signal on 
signal line 66 go low. The clock signal on signal line 66 
remains low until the D flip-flop 122 is again clocked high 
by the NOR latch 120 upon receipt of the next input 
pulse over the LINE 1/LINE 2 conductors (after expira- 

25 tion of the 1 52 u.sec immune period set by the first timer 
1 24). Thus, the clock signal CLK (on signal line 66) com- 
prises a signal that goes high upon receipt of the first 
pulse over the LINE 1/LINE 2 conductors, remains high 
for the second timer period, e.g . , 44 u.sec, and then goes 

30 low and remains low until receipt of the next input pulse 
over the LINE 1/LINE 2 conductors after expiration of 
the first timer period (e.g., 152 u.sec). For this reason, 
the data transmission cycle from the remote controller 
20 (FIG. 2) should not be shorter than the longest pos- 

35 sible time of the first timer 124, taking into account var- 
iations in the timer period as a result of process varia- 
tions. For example, assuming a nominal first timer value 
of 1 54 jxsec, a safe value for the data transmission cycle 
is about 244 u,sec, which allows for about a ±52% vari- 

40 ation in the first timer period. 

[0077] Note that there is a shorter propagation delay 
from receipt of a pulse on the LINE 1/LINE 2 input lines 
to the DATA-IN line 64 than to the CLK line 66. This is 
important in forming a buffered data line 127 using an- 

45 other D flip-flop 128. Such a buffered data line 127 is 
created by connecting the DATA-IN line 64 to the D-input 
of the D flip-flop 128, while connecting the clock input 
of the D flip-flop 128 to the CLK line 66. By making the 
propagation delay to the DATA-IN line 64 be shorter than 

so the propagation delay to the CLK line 66, the D flip-flop 
1 28 will always capture and hold the correct data on the 
DATA-IN line at the time of the clock transition. Thus, 
whenever a positive pulse is first received on LINE 1 
relative to LINE 2 (i.e., whenever the first pulse of the 

55 biphasic pulse pair is positive), causing the DATA-IN line 
to go high for the duration of the pulse as explained 
above, the D flip-flop 128 captures such event as a high 
level, causing the buffered data line 127 to latch high. 
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Similarly, whenever a negative pulse is first received on 
LINE 1 relative to LINE 2 (i.e., whenever the first pulse 
of the biphasic pulse pair is negative), causing the DA- 
TA-IN line to go low for the duration of the pulse as ex- 
plained above, the D flip-flop 128 captures such event 5 
as a low level, causing the buffered data line 127 to latch 
low. 

[0078] Note that the D flip-flop 128 need not be includ- 
ed as part of the line interface circuit 62 (although it 
could be), but rather is usually included in the state ma- 10 
chine logic 94, or other processing circuitry, that re- 
ceives and processes the incoming data. 
[0079] Output data that is to be placed on the LINE 
1 /LIN E 2 conductors at a time T2 after receipt of an input 
data pulse, Is applied to the DATA OUT signal line 74, 15 
Such data is then clocked into D flip-flop 132, causing 
the data (a low or a high) to appear on signal line 134, 
at the end of the 44 ^tsec period set by the second timer 
126. If the output data is a "1", i.e., a high level, such 
action triggers a third timer circuit 1 36, which times out 20 
after a prescribed time period, e.g., 1 sec. The timing 
out of the third timer circuit 1 36 resets the D flip-flop 1 32, 
thereby causing the signal line 1 34 to go low, thus form- 
ing an output data pulse of approximately 1 u.sec width 
on the signal line 134. Such output data pulse is then 25 
inserted on the LINE 1/LINE 2 conductors by action of 
the complimentary switches M1 and M2, both of which 
are turned ON by the 1 u»sec output data pulse, with M1 
pulling LINE 1 high, and M2 pulling LINE 2 low, for the 
duration of the output data pulse, e.g., 1 u,sec. Thus, in 30 
this manner, the output data pulse appears on LINE 
1/LINE 2 at a time T2, as shown, e.g., in FIGS. 6 and 8. 
[0080] If the output data applied to the DATA OUT line 
74 is a "0 M , i.e., a low level, a low level is clocked in to 
the D flip-flop 132. This means there is no change on 35 
signal line 134, the third timer circuit 136 is nottriggered, 
and the M1 and M2 triggers are not turned ON. Thus, 
there is no data pulse inserted on LINE 1/LINE 2, and 
the absence of such data pulse signifies the output data 
is a "0". By having an output data "0" be represented by *o 
the absence of an output pulse saves operating power 
of the device. Saving operating power is always an im- 
portant consideration for the type of implantable sensor/ 
stimulator devices described herein. 
[0081 ] The 1 u.sec time period set by the timer circuit *5 
1 36 is achieved, in the embodiment shown in FIG. 9, by 
designing an inverter circuit using complementary tran- 
sistors M5 and M6, where the NFET (M6) of the pair is 
designed to have long dimensions. 
Such long dimensions, in combination with the capaci- 50 
tance of capacitor C3 (nominally 3 picofarads), produc- 
es the desired 1 usee delay. 

[0082] As described above, it is thus seen that the 
present invention provides a means whereby implanta- 
ble sensors or stimulators may be daisy chained togeth- 55 
er over a common power/data bus using a minimum 
number of connecting conductors, e.g., two, and where- 
in each individual device connected in the daisy chain 



is individually addressable from a common controller 
unit connected by way of the common power/data bus 
to each of the implantable devices. 
[0083] As also described above, it is seen that the in- 
vention provides individual implantable sensors and/or 
stimulators that can transmit and/or receive power and 
data signals over a minimum number of signal lines con- 
nected therebetween. 

[0084] As further described above, it is seen that each 
such implantable sensor/stimulator device of the inven- 
tion has a hermetically sealed part and a non-hermeti- 
cally sealed part, with electrical feed-through means for 
making electrical connections between the hermetically 
sealed part and the non-hermetically sealed part, and 
wherein the hermetically sealed part encompasses 
electrical circuits for operating and controlling the de- 
vice, and further wherein the non-hermetically sealed 
part includes a sensor for sensing a condition or sub- 
stance to which the device is exposed, electrical termi- 
nals or pads to which connecting conductors may be 
connected, and/or electrodes through which stimulating 
current pulses may be applied to surrounding tissue or 
body fluids. 

[0085] While the invention herein disclosed has been 
described by means of specific embodiments and appli- 
cations thereof, numerous modifications and variations 
could be made thereto by those skilled in the art without 
departing from the scope of the invention set forth in the 
claims. 



Claims 

1. A chain of serially-connected electronic devices 
adapted for implantation in living tissue comprising: 

a plurality of substantially identical electronic 
devices (12,18,30), each electronic device in- 
cluding a first pair of terminals (13,15), a sec- 
ond pair of terminals (17, 19), means for receiv- 
ing an input pulsed data-stream signal over the 
first pair of terminals, means for performing a 
specified function, and means for applying out- 
put pulses to the first pair of terminals repre- 
sentative of the specified function performed so 
that the output pulses are interleaved between 
pulses of the input pulsed data-stream signal; 
a control circuit (20,20') having a first line ter- 
minal and a second line terminal, means for 
generating the input pulsed data-stream signal 
and applying said input pulsed data-stream sig- 
nal between the first line terminal and the sec- 
ond line terminal, and means for detecting any 
output pulses appearing between pulses of the 
input pulsed data-stream; 
a first line conductor (14) connected between 
the first line terminal of the control circuit and a 
first terminal of the first pair of terminals of a 
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first electronic device, and a second line con- 
ductor (1 6') connected between the second line 
terminal of the control circuit and a second ter- 
minal of the first pair of terminals of the first 
electronic device; and 5 
for each additional electronic device included 
in the chain of implantable serially-connected 
electronic devices, wherein an electronic de- 
vice in the chain that is closest to the control 
circuit comprising a forward electronic device, 10 
and an electronic device in the chain that is next 
closest to the control circuit comprising a rear- 
ward electronic device, 

a signal conductor (14") connected be- 
tween a first terminal of the second pair of ter- '5 
minals of the forward electronic device and a 
first terminal of the first pair of terminals of the 
rearward electronic device, and 

a return conductor (16") connected be- 
tween a second terminal of the second pair ter- 20 
minals of the forward electronic device and a 
second terminal of the first pair of terminals of 
the rearward electronic device; 

whereby the first electronic device is connect- 25 
ed to the control circuit with just two conductors, and 
each rearward electronic device in the chain of elec- 
tronic devices is also coupled to the forward elec- 
tronic device with just two conductors. 

30 

The chain of implantable electronic devices as set 
forth in Claim 1 wherein the specified function per- 
formed by each of the plurality of electronic devices 
comprises sensing and measuring a parameter as- 
sociated with the living tissue within which the chain 35 
of devices is implanted. 

The chain of implantable electronic devices as set 
forth in Claim 2 wherein the input pulsed data 
stream signal generated by the control circuit com- *o 
prises a train of biphasic pulses, with each biphasic 
pulse in the train of pulses comprising a negative 
pulse followed by a positive pulse to represent one 
binary state, and a positive pulse followed by a neg- 
ative pulse to represent the other binary state, and ^5 
wherein each biphasic pulse is separated from an 
adjacent biphasic pulse in the train of biphasic pu Is- 
es by a time period T1 , and further wherein the train 
of biphasic pulses is applied to the first pair of ter- 
minals of each electronic device in the chain. so 

The chain of implantable electronic devices as set 
forth in Claim 3 wherein the control circuit includes 
means for generating the train of biphasic pulses so 
as to be arranged in data frames, each data frame 55 
comprising a sequence of biphasic pulses, with 
each biphasic pulse representing a data bit, where- 
in a first group of data bits within the data frame 



comprises an address, a second group of data bits 
comprises an operational code, and a third group 
of data bits comprises data. 

5. The chain of implantable electronic devices as set 
forth in Claim 4 wherein the third group of data bits 
includes a first subgroup of data bits representing 
op code bits, and a second subgroup of data bits 
representing transmitted data. 

6. The chain of implantable electronic devices as set 
forth in Claim 5 wherein the data frame further in- 
cludes at least one additional biphasic pulse repre- 
senting a parity bit. 

7. The chain of implantable electronic devices as set 
forth in Claim 5 wherein the data frame further in- 
cludes a first biphasic pulse representing a start bit, 
and a last biphasic pulse representing a stop bit. 

8. The chain of implantable electronic devices as set 
forth in Claim 3 wherein the output pulses generat- 
ed by each electronic device comprise output puls- 
es having a variable amplitude, and wherein each 
electronic device includes means for placing the 
output pulses in the data stream of biphasic pulses 
at a time period T2 from a prior biphasic pulse, 
where T2 is less than T1 , whereby the output pulses 
are interleaved inbetween the biphasic pulses of the 
data stream. 

9. The chain of implantable electronic devices as set 
forth in Claim 8 wherein the output pulses assume 
a first amplitude to represent a first binary state, and 
a second amplitude to represent a second binary 
state. 

10. The chain of implantable electronic devices as set 
forth in Claim 8 wherein the output pulses assume 
a first amplitude to represent a first binary state, and 
are absent, i.e., assume a zero amplitude, to repre- 
sent a second binary state. 

11. The chain of implantable electronic devices as set 
forth in Claim 8 wherein the output pulses comprise 
monophasic pulses. 

12. The chain of implantable electronic devices as set 
forth in Claim 8 wherein the output pulses comprise 
biphasic pulses. 

1 3. A method of sending power and control data to, and 
receiving transmit data from, a plurality of implant- 
able medical devices (12,18,30), each connected 
to a two-conductor cable (46), comprising: 

(a) generating a biphasic pulse train of biphasic 
pulses at a regular repetition rate of F1 pulses 
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per second (pps), wherein each biphasic pulse 
In the pulse train has a width T w and is sepa- 
rated from an adjacent pulse in the pulse train 
by a time separation distance of T1 , where T w 
is«T1,andT1=1/F1; 5 

(b) modulating the pulses of the pulse train to 
represent data bits, wherein a biphasic pulse 
which goes positive first and then negative 
comprises a first binary state, e.g., a logical 
one, and wherein a biphasic pulse which goes 10 
negative first and then positive comprises a 
second binary state, e.g., a logical zero; 

(c) arranging the biphasic pulses of the pulse 
train in data frames of A/data bits each, wherein 

a first subset of the N data bits comprise ad- is 
dress bits, a second subset of the N data bits 
comprise an operational code, a third subset of 
the N data bits comprise control data, and a 
fourth subset of the N data bits comprise trans- 
mit data; 20 

(d) applying the data frames to the two-conduc- 
tor cable so that the data frames are received 
by each of the plurality of implantable medical 
devices connected to the two-conductor cable; 

(e) receiving and processing the data frames 25 
within each medical device by: 

(1 ) splitting the received biphasic pulses in- 
to first and second signal paths, 

(2) rectifying and filtering the biphasic puis- 30 
es received in the first signal path to create 

an operating voltage used to operate the 
medical device, 

(3) demodulating the address bits received 

in the second signal path of each data 35 
frame to determine if the address bits 
match a predetermined address stored in 
the medical device, and 

(4) if the address bits match the predeter- 
mined address, demodulating the opera- *o 
tional code and control data received in the 
second data path; and 

(f) sending transmitted data from a medical de- 
vice for which a match exists between the ad- 45 
dress bits received and the predetermined ad- 
dress by: 

(1) generating an output data pulse having 

a width « T1 , the output data pulse having so 
a first amplitude, e.g., a maximum ampli- 
tude, to represent a first binary state, and 
a second amplitude, e.g., a minimum am- 
plitude, to represent a second binary state, 
and 55 

(2) applying the output data pulse to the 
two-conductor cable at a time in the data 
frame that is inbetween the biphasic pulses 



of the N data bits that define a data frame. 

14. The method of Claim 13 wherein the first amplitude 
of step (f)(1) comprises a non-zero amplitude, and 
the second amplitude of step (f)(1 ) comprises a zero 
amplitude, whereby the presence of an output data 
pulse having a discemable amplitude at the time in 
the data frame that is inbetween the biphasic pulses 
of the data bits in the data frame represents the first 
binary state, and the absence of an output data 
pulse represents the second binary state. 



1 . Kette in Serie geschalteter elektronischer Vorrich- 
tungen, die zum Implantieren in lebendes Gewebe 
ausgebildet ist, umfassend: 

eine Vielzahl im Wesentlichen identischer elek- 
tronischer Vorrichtungen (12, 18,30), wobeije- 
de elektronische Vorrichtung ein erstes Paar 
Anschlusse (13, 15), ein zweites Paar An- 
schlusse (17, 19), Mittelzum Empfangen eines 
gepulsten Datenstrom-Eingangssignals uber 
das erste Paar Anschlusse, Mittel zur Durch- 
fuhrung einer spezifizierten Funktion sowie Mit- 
tel zum Anlegen von Ausgangsimpulsen an das 
erste Paar Anschlusse umfasst, die fur die 
durchgefuhrte spezifizierte Funktion reprasen- 
tativ sind, so dass die Ausgangsimpulse zwi- 
schen Impulsen des gepulsten Datenstrom- 
Eingangssignals verschachtelt sind; 

eine Steuerungsschaltung (20, 20') mit einem 
ersten Leitungsanschluss und einem zweiten 
Leitungsanschluss, Mittel zur Erzeugung des 
gepulsten Datenstrom-Eingangssignals und 
Anlegen des gepulsten Datenstrom-Eingangs- 
signals zwischen dem ersten Leitungsan- 
schluss und dem zweiten Leitungsanschluss, 
sowie Mittel zum Detektieren etwaiger Aus- 
gangsimpulse, die zwischen Impulsen des ge- 
pulsten Eingangsdatenstroms auftreten; 

einen ersten Leitungsleiter (14'), der zwischen 
den ersten Leistungsanschluss der Steue- 
rungsschaltung und einen ersten Anschluss 
des ersten Anschlusspaares einer ersten elek- 
tronischen Vorrichtung geschaltet ist, sowie ei- 
nen zweiten Leitungsleiter (16'), der zwischen 
den zweiten Leitungsanschluss der Steue- 
rungsschaltung und einen zweiten Anschluss 
des ersten Anschlusspaares der ersten elektro- 
nischen Vorrichtung geschaltet ist; sowie 

fur jede zusatzliche elektronische Vorrichtung, 
die in der Kette implantierbarer, in Serie ge- 
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schalteter elektronischer Vorrichtungen enthal- 
ten ist, worin eine elektronische Vorrichtung in 
der Kette, die der Steuerungsschaltung am 
nachsten ist, eine vordere elektronische Vor- 
richtung umfasst, und eine elektronische Vor- 5 
richtung in der Kette, die der Steuerungsschal- 
tung am zweitnachsten ist, eine hintere elektro- 
nische Vorrichtung umfasst, 

einen Signalleiter (1 4"), der zwischen einen er- 10 
sten Anschluss des zweiten Anschlusspaares 
der vorderen elektronischen Vorrichtung und 
einen ersten Anschluss des ersten Anschluss- 
paares der hinteren elektronischen Vorrichtung 
geschaltet ist, und *5 

einen Ruckfuhrleiter (16"), der zwischen einen 
zweiten Anschluss des zweiten Anschlusspaa- 
res der vorderen elektronischen Vorrichtung 
und einen zweiten Anschluss des ersten An- 20 
schlusspaares der hinteren elektronischen Vor- 
richtung geschaltet ist; 

wodurch die erste elektronische Vorrichtung mit nur 
zwei Leitern an die Steuerungsschaltung ange- 25 
schlossen ist und jede hintere elektronische Vor- 
richtung in der Kette von elektronischen Vorrichtun- 
gen auch mit der vorderen elektronischen Vorrich- 
tung mit nur zwei Leitern gekoppelt ist. 

30 

2. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 1, worin die spezifizierte Funktion, 
die von jeder der Vielzahl elektronischer Vorrichtun- 
gen durchgefuhrt wird, das Abfuhlen und Messen 
eines Parameters umfasst, der dem lebenden Ge- 35 
webe zugehorig ist, in das die Kette von Vorrichtun- 
gen implantiert ist. 

3. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 2, worin das gepulste Datenstrom- *o 
Eingangssignal, das von der Steuerungsschaltung 
erzeugt wird, eine Abfolge zweiphasiger Impulse 
umfasst, wobei jeder zweiphasige Impuls in der Ab- 
folge von Impulsen einen negativen Impuls, dem 

ein posttiver Impuls folgt, um einen binaren Zustand 45 
darzustellen, und einen positiven Impuls, dem ein 
negativer Impuls folgt, um den anderen binaren Zu- 
stand darzustellen, umfasst, und worin jeder zwei- 
phasige Impuls von einem benachbarten zweipha- 
sigen Impuls in der Abfolge zweiphasiger Impulse so 
durch eine Zeitspanne T1 getrennt ist, und weiters 
worin die Abfolge zweiphasiger Impulse an das er- 
ste Anschlusspaar einer jeden elektronischen Vor- 
richtung in der Kette angelegt wird. 

55 

4. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 3, worin die Steuerungsschaltung 
Mittel umfasst, um die Abfolge zweiphasiger Impul- 



se zu erzeugen, so dass sie in Datenrahmen ange- 
ordnet sind, wobei jeder Datenrahmen eine Se- 
quenz zweiphasiger Impulse umfasst, wobei jeder 
zweiphasige Impuls ein Datenbit darstellt, worin ei- 
ne erste Gruppe von Datenbits innerhalb des Da- 
tenrahmens eine Adresse umfasst, eine zweite 
Gruppe von Datenbits einen Operationscode um- 
fasst und eine dritte Gruppe von Datenbits Daten 
umfasst. 

5. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 4, worin die dritte Gruppe von Da- 
tenbits eine erste Untergruppe von Datenbits, die 
Opcode-Bits darstellen, und eine zweite Untergrup- 
pe von Datenbits umfasst, die ubertragene Daten 
darstellen. 

6. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 5, worin der Datenrahmen weiters 
zumindest einen zusatzlichen zweiphasigen Impuls 
umfasst, der ein Paritatsbit darstellt. 

7. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 5, worin der Datenrahmen weiters 
einen ersten zweiphasigen Impuls, der ein Start-Bit 
darstellt, und einen letzten zweiphasigen Impuls 
umfasst, der ein Stop-Bit darstellt. 

8. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 3, worin die von jeder elektroni- 
schen Vorrichtung erzeugten Ausgangsimpulse 
Ausgangsimpulse mit einer variablen Amplitude 
umfassen, und worin jede elektronische Vorrich- 
tung Mittel umfasst, um die Ausgangsimpulse im 
Datenstrom zweiphasiger Impulse in einem Zeit- 
raum T2 von einem vorherigen zweiphasigen Im- 
puls anzuordnen, worin T2 geringer als T1 ist, wo- 
durch die Ausgangsimpulse zwischen den zwei- 
phasigen Impulsen des Datenstroms verschachtelt 
sind. 

9. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 8, worin die Ausgangsimpulse eine 
erste Amplitude annehmen, um einen ersten bina- 
ren Zustand darzustellen, und eine zweite Amplitu- 
de annehmen, um einen zweiten binaren Zustand 
darzustellen. 

10. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 8, worin die Ausgangsimpulse eine 
erste Amplitude annehmen, um einen ersten bina- 
ren Zustand darzustellen, und fehlen, d.h. eine Am- 
plitude gleich null annehmen, um einen zweiten bi- 
naren Zustand darzustellen. 

1 1 . Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 8, worin die Ausgangsimpulse ein- 
phasige Impulse umfassen. 
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12. Kette implantierbarer elektronischer Vorrichtungen 
nach Anspruch 8, worin die Ausgangsimpulsezwei- 
phasige Impulse umfassen. 

13. Verfahren, um Leistungs- und Steuerungsdaten zu 5 
einer Vielzahl implantierbarer medizinischer Vor- 
richtungen (12, 18, 30), diejeweils an eln Zwei-Lei- 
ter-Kabel (46) angeschlossen sind, zu senden und 
von diesen ubertragene Daten zu empfangen, um- 
fassend: io 

(a) das Erzeugen einer Zweiphasenimpuls-Ab- 
folge von zweiphasigen Impulsen mit einer re- 
gelmaBigen Wiederholungsrate von F1 Impul- 
sen pro Sekunde (pps), worin jeder zweiphasi- 15 
ge Impuls in der Impulsabfolge eine Breite T w 
aufweist und von einem benachbarten Impuls 

in der Impulsabfolge um eine Zeittrenndistanz 
T1 getrennt ist, worin T W «T1 istundT1=1/F1 
ist; 20 

(b) das Modulleren der Impulse der Impulsab- 
folge, so dass sie Datenbits darstellen, worin 
ein zweiphasiger Impuls, der zuerst positiv und 
dann negativ wird, einen ersten binaren Zu- 25 
stand, beispielsweise eine logische 1 , umfasst, 
und worin ein zweiphasiger Impuls, der zuerst 
negativ und dann positiv wird, einen zweiten bi- 
naren Zustand, beispielsweise eine logische 0, 
umfasst; 30 

(c) das Anordnen der zweiphasigen Impulse 
der Impulsabfolge in Datenrahmen aus jeweils 
N Datenbits, worin ein ersterTeilsatz derN Da- 
tenbits Adressbits umfasst, ein zweiter Teilsatz 35 
der N Datenbits einen Operationscode um- 
fasst, ein dritter Teilsatz der N Datenbits Steue- 
rungsdaten umfasst und ein vierter Teilsatz der 

N Datenbits Ubertragungsdaten umfasst; 

40 

(d) das Anlegen der Datenrahmen an das Zwei- 
Leiter-Kabel, so dass die Datenrahmen von je- 
der der Vielzahl implantierbarer medizinischer 
Vorrichtungen empfangen werden, die an das 
Zwei-Leiter-Kabel angeschlossen sind; 

(e) das Empfangen und Verarbeiten der Daten- 
rahmen innerhalb einer jeden medizinischen 
Vorrichtung durch: 

50 

(1) Teilen der empfangenen zweiphasigen 
Impulse in einen ersten und einen zweiten 
Signalweg, 



zinische Vorrichtung zu betatigen, 

(3) das Demodulieren der Adressbits, die 
im zweiten Signalweg eines jeden Daten- 
rahmens empfangen werden, um zu be- 
stimmen, ob die Adressbits zu einer vorbe- 
stimmten Adresse passen, die in der me- 
dizinischen Vorrichtung gespeichert ist, 
und 

(4) wenn die Adressbits zur vorbestimmten 
Adresse passen, das Demodulieren des 
Operationscodes und der Steuerungsda- 
ten, die im zweiten Datenweg empfangen 
werden; und 

(f) das Senden ubertragener Daten von einer 
medizinischen Vorrichtung, fur die eine Uber- 
einstimmung zwischen den empfangenen 
Adressbits und der vorbestimmten Adresse be- 
steht, durch: 

(1 ) das Erzeugen eines Ausgangsdatenim- 
pulses mit einer Breite « T1, wobei der 
Ausgangsdatenimpuls eine erste Amplitu- 
de, beispielsweise eine maximale Amplitu- 
de, um einen ersten binaren Zustand dar- 
zustellen, und eine zweite Amplitude, bei- 
spielsweise eine minimale Amplitude, auf- 
weist, um einen zweiten binaren Zustand 
darzustellen, und 

(2) das Anlegen des Ausgangsdatenim- 
puls an das Zwei-Leiter-Kabel zu einem 
Zeitpunkt im Datenrahmen, der zwischen 
den zweiphasigen Impulsen der N Daten- 
bits liegt, die einen Datenrahmen definie- 
ren. 

14. Verfahren nach Anspruch 13, worin die erste Am- 
plitude von Schritt (f)(1) eine Amplitude ungleich 
null umfasst und die zweite Amplitude von Schritt 
(f)(1) eine Amplitude gleich null umfasst, wodurch 
das Vorhandensein eines Ausgangsdatenimpulses 
mit einer erkennbaren Amplitude zum Zeitpunkt im 
Datenrahmen, der zwischen den zweiphasigen Im- 
pulsen der Datenbits im Datenrahmen liegt, den er- 
sten binaren Zustand darstellt, und das Fehlen ei- 
nes Ausgangsdatenimpulses den zweiten binaren 
Zustand darstellt. 



Revendlcations 



10 



(2) das Gleichrichten und Filtern der im er- 55 1 . 
sten Signalweg erzeugten zweiphasigen 
Impulse, um eine Betriebsspannungzu er- 
zeugen, die verwendet wird, um die medi- 



ChaTne de dispositifs Slectroniques montes en serie 
aptes a etre implantes dans du tissu vivant 
comprenant : 
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plusieurs dispositifs electroniques sensible- 
ment identiques (12,18,30), chaque dispositif 
Electronique comportant une premiere paire de 
bornes (13,15), une seconde paire de bornes 
(1 7,1 9), un moyen pour recevoir un signal d'un 5 
flux de donnEes puIsE d'entrEe par la premiere 
paire de bornes, un moyen pour executer une 
fonction specifique et un moyen pour appliquer 
des impulsions de sortie a la premiere paire de 
bornes representatives de la fonction specified 10 
executee de sorte que les Impulsions de sortie 
sont imbriquees entre des impulsions du signal 
du flux de donnEes pulse d'entrEe; 
un circuit de commande (20,20') comportant 
une premiere borne de llgne et une seconde is 
borne de ligne, un moyen pour produire le si- 
gnal du flux de donnees pulse" d'entree et pour 
appliquer ledit signal du flux de donnees pulse 
d'entree entre la premiere borne de ligne et la 
seconde borne de ligne, et un moyen pour de- 20 
teeter toutes les impulsions de sortie apparais- 
sant entre les impulsions du flux de donnees 
pulse" d'entrEe; 

un premier conducteur de ligne (14) connecte 
entre la premiere borne de ligne du circuit de 25 
commande et une premiere borne de la premie- 
re paire de bornes d'un premier dispositif Elec- 
tronique, et un second conducteur de ligne (1 6') 
connecte entre la seconde borne de ligne du 
circuit de commande et une seconde borne de 30 
la premiere paire de bornes du premier dispo- 
sitif electronique; et 

pour chaque dispositif electronique additionnel 
inclus dans la chaine de dispositifs electroni- 
ques montes en serie, aptes a etre implantes, 35 
ou un dispositif Electronique dans la chaine qui 
est le plus proche du circuit de commande com- 
prend un dispositif Electronique avant, et un 
dispositif electronique dans la chaine qui est le 
plus proche du circuit de commande comprend 40 
un dispositif electronique arriere, 
un conducteur de signaux (1 4") connecte entre 
une premiere borne de la seconde paire de bor- 
nes du dispositif Electronique avant et une pre- 
miere borne de la premiere paire de bornes du 45 
dispositif electronique arriEre, et 
un conducteur de retour (16") connecte entre 
une seconde borne de la seconde paire de bor- 
nes du dispositif electronique avant et une se- 
conde borne de la premiere paire de bornes du so 
dispositif electronique arriere; 

par quoi le premier dispositif electronique est con- 
necte au circuit de commande avec simplement 
deux conducteurs, et chaque dispositif Electronique 55 
arriere dans la chaine de dispositifs Electroniques 
est Egalement couplE au dispositif Electronique 
avant avec simplement deux conducteurs. 



2. Chaine de dispositifs electroniques a implanter se- 
lon la revendicatlon 1 , ou la fonction spEficiEe exE- 
cutee par chacun de la pluralitE de dispositifs Elec- 
troniques comprend la dEtection et la mesure d'un 
parametre associe au tissu vivant dans lequel la 
chaine de dispositifs est implantEe. 

3. Chaine de dispositifs Electroniques a implanter se- 
lon la revendication 2, ou le signal du flux de don- 
nEes pulsE d'entrEe produit par le circuit de com- 
mande comprend un train d'impulsions a deux Etats 
de phase, chaque impulsion a deux Etats de phase 
dans le train d'impulsions comprend une impulsion 
negative suivie d'une impulsion positive pour reprE- 
senter un Etat binaire, et une impulsion positive sui- 
vie d'une impulsion negative pour reprEsenter 
I'autre Etat binaire, et ou chaque impulsion a deux 
Etats de phase est separEe d'une impulsion a deux 
Etats de phase adjacente dans le train d'impulsions 
a deux etats de phase d'une pEriode de temps T1 , 
et en outre ou le train d'impulsions a deux Etats est 
appliquE a la premiere paire de bornes de chaque 
dispositif Electronique dans la chaine. 

4. Chaine de dispositifs Electroniques a implanter se- 
lon la revendication 3, ou le circuit de commande 
comporte un moyen pour produire le train d'impul- 
sions a deux Etats pour qu'il soit agencE dans des 
trames de donnees, chaque trame de donnEes 
comprenant une sEquence d'impulsions a deux 
Etats, chaque impulsion a deux Etats reprEsentant 
un element binaire de donnEes, ou un premier grou- 
pe d'EIEments binaires de donnees dans la trame 
de donnEes comprend une adresse, un deuxiEme 
groupe d'EIEments binaires de donnEes comprend 
un code opErationnel et un troisiEme groupe d'EIE- 
ments binaires de donnEes comprend des don- 
nEes. 

5. ChaTne de dispositifs Electroniques a implanter se- 
lon ia revendication 4, ou le troisieme groupe d'EIE- 
ments binaires de donnEes comporte un premier 
sous-groupe d'EIEments binaires de donnEes re- 
prEsentant des ElEments binaires de code d'opEra- 
tion, et un second sous-groupe d'EIEments binaires 
de donnEes reprEsentant des donnEes transmises. 

6. Chaine de dispositifs Electroniques a implanter se- 
lon la revendication 5, ou la trame de donnEes com- 
porte en outre au moins une impulsion a deux etats 
additionnelle reprEsentant un ElEment binaire de 
paritE. 

7. Chaine de dispositifs electroniques a implanter se- 
lon la revendication 5, ou la trame de donnEes com- 
porte en outre une premiere impulsion a deux Etats 
reprEsentant un ElEment binaire de dEpart, et une 
derniere impulsion a deux Etats reprEsentant un 
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element binaire d'arret. 

8. ChaTne de dispositifs electron iques a implanter se- 
lon la revendication 3, ou les impulsions de sortie 
produites par chaque dispositif electronique com- 5 
prennent des impulsions de sortie d'une amplitude 
variable, et ou chaque dispositif electronique com- 
porte un moyen pour placer les impulsions de sortie 
dans le flux de donnees d'impulsions a deux etats 
selon une periode de temps T2 a partir d'une impul- 10 
sion a deux etats anterieure, ou T2 est inferieure a 

T1 , et de ce fait les impulsions de sortie sont imbri- 
quees entre les impulsions a deux etats du flux de 
donnees. 

15 

9. ChaTne de dispositifs electroniques a implanter se- 
lon la revendication 8, ou les impulsions de sortie 
ont une premiere amplitude pour representer un 
premier etat binaire et une seconde amplitude pour 
representer un second etat binaire. 20 

10. ChaTne de dispositifs electroniques a implanter se- 
lon la revendication 8, ou les impulsions de sortie 
ont une premiere amplitude pour representer un 
premier etat binaire, et sont absentes, c'est-a-dire 25 
prennent une amplitude zero, pour representer un 
second etat binaire. 

11 . ChaTne de dispositifs electroniques a implanter se- 
lon le revendication 8, ou les impulsions de sortie 30 
comprennent des impulsions monophasees. 

12. ChaTne de dispositifs electroniques a implanter se- 
lon le revendication 8, ou les impulsions de sortie 
comprennent des impulsions a deux phases. 35 

13. Precede pour emettre des donnees de puissance 
et de commande a, et pour recevoir des donnees 
transmises de plusieurs dispositifs medicaux a im- 
planter (12,18,30), chacun connecte a un cable a 40 
deux conducteurs (46), comprenant les etapes con- 
sistant a : 

(a) produire un train d'impulsions a deux etats 
d'impulsions a deux etats selon un taux de re- 45 
petition regulierde F1 impulsions par seconde 
(pps).ou chaque impulsion a deux etats dans 

le train d'impulsions a une largeur T w et est se- 
paree d'une impulsion adjacente dans le train 
d'impulsions par une distance de separation de so 
temps de T1 , ou T w est « T1 , et T1=1/F1 ; 

(b) moduler les impulsions du train d'impulsions 
pour representer des elements binaires de don- 
nees, ou une impulsion a deux etats qui devient 
positive d'abord et ensuite negative comprend 55 
un premier etat binaire, par exemple un etat lo- 
gique, et ou une impulsion a deux etats qui de- 
vient d'abord negative et ensuite positive com- 



prend un second etat binaire, par exemple un 
zero logique; 

(c) agencer les impulsions a deux etats du train 
d'impulsions dans des trames de donnees de 
N elements binaires de donnees chacun, ou un 
premier sous-ensemble des N elements binai- 
res de donnees comprend des elements binai- 
res d'adresse, un deuxieme sous-ensemble 
des N elements binaires de donnees comprend 
un code operationnel, un troisieme sous-en- 
semble des N elements binaires de donnees 
comprend des donnees de commande et un 
quatrieme sous-ensemble des N elements bi- 
naires de donnees comprend des donnees 
transmises; 

(d) appliquer les trames de donnees au c&ble 
a deux conducteurs de sorte que les trames de 
donnees sont regues par chacun de la pluralite 
des dispositifs medicaux a implanter con nectes 
au cable a deux conducteurs; 

(e) recevoir et traiter les trames de donnees 
dans chaque dispositif medical en : 

(1) divisant les impulsions a deux etats re- 
cues en des premier et second chemins de 
signaux, 

(2) redressant et filtrant les impulsions a 
deux etats regues dans le premier chemin 
de signaux pour creer une tension de fonc- 
tionnement utilisee pour faire fonctionner 
le dispositif medical, 

(3) demodulant les elements binaires 
d'adresse recus dans le second chemin de 
signaux de chaque trame de donnees pour 
determiner si les elements binaires 
d'adresse correspondent a une adresse 
predeterminee stockee dans le dispositif 
medical, et 

(4) si les elements binaires d'adresse cor- 
respondent a I'adresse predeterminee, 66- 
moduler le code operationnel et les don- 
nees de commande regues dans le second 
chemin de donnees; et 

(f) envoyer les donnees transmises d'un dispo- 
sitif medical pour lequel une correspondance 
existe entre les elements binaires d'adresse re- 
gus et I'adresse predeterminee en : 

(1) produisant une impulsion de donnees 
de sortie d'une largeur « T1, Pimpulsion 
de donn£es de sortie ayant une premiere 
amplitude, par exemple une amplitude 
maximale, pour representer un premier 
etat binaire, et une seconde amplitude, par 
exemple une amplitude minimale, pour re- 
presenter un second etat binaire, et en 

(2) appliquant I'impulsion de donnees de 
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sortie au cable a deux conducteurs a un 
moment dans la trame de donnees qui se 
situe entre les impulsions a deux etats des 
N elements binaires de donnees qui defi- 
nissent une trame de donnees. 5 

14. Precede selon la revendication 13, ou la premiere 
amplitude de I'Stape (f) (1 ) comprend une amplitude 
non-zero, et la seconde amplitude de I'etape (f) (1 ) 
comprend une amplitude zero, par quoi la presence 10 
d'une impulsion de donnees de sortie ayant une 
amplitude discernable au moment dans la trame de 
donnees qui se situe entre les impulsions a deux 
etats des elements binaires de donnees dans la tra- 
me de donnees represente le premier etat binaire, 1$ 
et I'absence d'une impulsion de donnees de sortie 
represente le second etat binaire. 
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